Obese pregnant women have increased levels of proinflammatory cytokines in maternal circulation and placental tissues. However, the pathways contributing to placental inflammation in obesity are largely unknown. We tested the hypothesis that maternal body mass index (BMI) was associated with elevated proinflammatory cytokines in maternal and fetal circulations and increased activation of placental inflammatory pathways. A total of 60 women of varying pre-/early pregnancy BMI, undergoing delivery by Cesarean section at term, were studied. Maternal and fetal (cord) plasma were collected for analysis of insulin, leptin, IL-1beta, IL-6, IL-8, monocyte chemoattractant protein (MCP) 1, and TNFalpha by multiplex ELISA. Activation of the inflammatory pathways in the placenta was investigated by measuring the phosphorylated and total protein expression of p38-mitogen-activated protein kinase (MAPK), c-Jun-N-terminal kinase (JNK)-MAPK, signal transducer-activated transcription factor (STAT) 3, caspase-1, IL-1beta, IkappaB-alpha protein, and p65 DNA-binding activity. To determine the link between activated placental inflammatory pathways and elevated maternal cytokines, cultured primary human trophoblast (PHT) cells were treated with physiological concentrations of insulin, MCP-1, and TNFalpha, and inflammatory signaling analyzed by Western blot. Maternal BMI was positively correlated with maternal insulin, leptin, MCP-1, and TNFalpha, whereas only fetal leptin was increased with BMI. Placental phosphorylation of p38-MAPK and STAT3, and the expression of IL-1beta protein, were increased with maternal BMI; phosphorylation of p38-MAPK was also correlated with birth weight. In contrast, placental NFkappaB, JNK and caspase-1 signaling, and fetal cytokine levels were unaffected by maternal BMI. In PHT cells, p38-MAPK was activated by MCP-1 and TNFalpha, whereas STAT3 phosphorylation was increased following TNFalpha treatment. Maternal BMI is associated with elevated maternal cytokines and activation of placental p38-MAPK and STAT3 inflammatory pathways, without changes in fetal systemic inflammatory profile. Activation of p38-MAPK by MCP-1 and TNFalpha, and STAT3 by TNFalpha, suggests a link between elevated proinflammatory cytokines in maternal plasma and activation of placental inflammatory pathways. We suggest that inflammatory processes associated with elevated maternal BMI may influence fetal growth by altering placental function.
INTRODUCTION
In the United States, over two-thirds of women of reproductive age have a high body mass index (BMI; .25 kg/m 2 ), and more than one-third are obese (BMI . 30 kg/m 2 ) [1] . Pregravid obesity represents significant health risks to both the mother and the baby, with an increased risk of miscarriage, pre-eclampsia, gestational diabetes, stillbirth, and Cesarean delivery [2] . Infants born to overweight and obese mothers are more likely to be large for gestational age, macrosomic, and insulin resistant [3, 4] . In addition, epidemiological and experimental studies have demonstrated associations between maternal obesity and increased risk of developing cardiovascular and metabolic diseases in the offspring later in life [5] . As increasing numbers of women enter pregnancy with high BMI, this represents a major public health issue [1, 2] .
Chronic inflammation has emerged as a common pathophysiology in obesity and obesity-related disorders, such as insulin resistance in nonpregnant individuals [6] . Recent findings indicate that the systemic and placental inflammatory responses associated with normal pregnancy are exaggerated by obesity [7] [8] [9] . This is reflected in elevated maternal circulating levels of proinflammatory cytokines [3, [8] [9] [10] [11] and increased mRNA expression of IL-1b, IL-8, and monocyte chemoattractant protein (MCP) 1 in the placenta [10] . The increase in placental inflammatory mediators may be secondary to infiltration of maternal macrophages, which are elevated in the maternal circulation in obesity, and known to release the proinflammatory cytokines IL-1, IL-6, and TNFa [9, 12] . Alternatively, inflammatory stimuli, such as endotoxin [8] , lipids [13, 14] , reactive oxygen species [15] , and oxidized lipids and sterols [16] , may directly activate placental inflammatory pathways leading to local production of proinflammatory cytokines. Placental syncytiotrophoblast cells are in direct contact with maternal blood, and express many isoforms of Toll-like receptors and Nod-like receptors, which detect extracellular and intracellular inflammatory stimuli [17, 18] . These inflammatory receptors, along with receptors for proinflammatory cytokines, activate downstream signaling pathways, including nuclear factor (NF) jB, signal transducer-activated transcription factor (STAT) 3, caspase-1, and the stress/mitogen-activated protein kinases (MAPK) p38 and p46/ p54 (c-Jun-N-terminal kinase [JNK] ), which are functionally expressed in the placenta [19] . However, it is currently unknown which of these pathways are involved in the placental inflammatory response to maternal obesity.
Many studies have examined the effect of maternal obesity on maternal systemic inflammatory profile [3, [8] [9] [10] [11] , but few reports have investigated the impact of obesity on the fetal [3, 20] or placental [9, 10] inflammatory milieu. Furthermore, the impact of maternal BMI on maternal and fetal inflammatory status, as well as specific inflammatory signaling pathways in the placenta, is largely unknown. Moreover, the impact of BMI on maternal, placental, and fetal inflammation has not been simultaneously studied in a single cohort. Therefore, in this study, we determined the influence of maternal BMI on maternal and fetal inflammatory mediators, and placental inflammatory pathways. We hypothesized that increased maternal BMI is associated with elevated proinflammatory cytokines in the maternal and fetal circulation, as well as activation of placental p38-MAPK, JNK-MAPK, STAT3, caspase-1, IL-1b, and NFjB signaling pathways.
MATERIALS AND METHODS

Study Subjects
Maternal and umbilical blood samples and placental tissue were collected after informed and written consent; the protocol was approved by the Institutional Review Board at University of Texas Health Science Center, San Antonio. A total of 60 women with varying BMI (range, 18.4-54.3 kg/m 2 ) based on pregravid or early gestation weights and uncomplicated, singleton term pregnancies (.37 wk of gestation) were studied. BMI was calculated in the clinic based on height and weight measurements from prepregnancy medical records where available, or at the first visit to maternity clinic (,14 wk). All deliveries were elective Cesarean section and performed before the onset of labor. The clinical characteristics of the study participants are presented in Table 1 . While the maternal and fetal blood samples were matched, we were only able to obtain a match of 21 subjects for blood and placental samples. The demographics of the subjects for each sample set (i.e., blood plasma and placental analysis) were very similar (Supplemental Table  S1 ; available online at www.biolreprod.org). Exclusion criteria were smoking, concurrent disease, such as diabetes or hypertension, development of pregnancy complications, including gestational diabetes, pregnancy-induced hypertension, and pre-eclampsia, and the delivery of small for gestational age (,10th centile) or large for gestational age (.90th centile) infants according to published growth curves [21] .
Cytokine Analysis
Maternal fasting blood samples were collected from a subset of the recruited women (n ¼ 49) prior to Cesarean section and the corresponding venous cord blood obtained within 15 min of the delivery of the placenta. For the collection of venous cord blood, the umbilical cord was doubly clamped immediately after the delivery of the neonate. With the placenta attached, the umbilical vein was identified (thin walled, single vessel overlying the two umbilical arteries) and punctured approximately 10 cm from the site of placental attachment. Blood samples were collected in BD Vacutainer tubes containing 5.4 mg K 2 EDTA (BD Bioscience, San Jose, CA). After 30-min incubation at room temperature, tubes were centrifuged for 15 min at 800 3 g at 48C, and plasma collected, aliquoted, and frozen at À808C. Plasma samples were analyzed for insulin, leptin, IL-1b, IL-6, IL-8, MCP-1, and TNFa by multiplex ELISA with a Milliplex MAP kit (EMD Millipore). Coefficient of variation for interassay comparisons ranged from 3.6% to 10% and intra-assay comparisons ranged from 5.5% to 11.5%. The lowest detection limit for all multiplex analytes was 0.5 pg/ml.
Placental Collection and Tissue Processing
Placentas were collected from a subset of the recruited women (n ¼ 32). Within 15 min of delivery, the decidua basalis and chorionic plate were removed and villous tissue was dissected and rinsed in cold physiological saline. The villous tissue was transferred to cold buffer D (250 mM sucrose, 10 mM hepes, pH 7.4) containing 1:100 dilution of protease and phosphatase inhibitors (Sigma-Aldrich, St. Louis, MO) and homogenized on ice with a Polytron (Kinematica, Luzern, Switzerland). The placental homogenates were frozen in liquid nitrogen and stored at À808C until further processing.
Western Blotting
Placental homogenates were thawed on ice and centrifuged at 16 000 3 g, 48C for 15 min. Supernatants were collected and used for protein expression analysis. Protein concentrations were determined with Pierce BCA Protein Assay kit (Thermo Scientific, Rockford, IL). Equal amounts of protein (10 lg) were loaded into each well and separated on Any kD Mini-PRO-TEAN TGX precast polyacrylamide gels from Bio-Rad (Hercules, CA). Separated proteins were transferred onto PVDF membranes (Thermo Scientific) and blocked with 5% nonfat milk for 1 h at room temperature. After washing in Tris-buffered saline containing 0.1% Tween (TBS-T), membranes were incubated in primary antibodies overnight at 48C in TBS-T containing 2.5% BSA. Primary antibodies were purchased from Cell Signaling Technology (Danvers, MA): (pro)caspase-1 (#2225), inhibitor of kappa Ba (IjBa; #4812), JNK (#9252), phospho-JNK (#4668; T183/Y185), p38-MAPK (#9212), phospho-p38 MAPK (#4511; T180/Y182), STAT3 (#9139), and phospho-STAT3 (#9145; Y705); from Abcam (Cambridge, MA): IL-1b (ab2105); and from Sigma: b-actin (A2228). The membranes were then washed and incubated with the appropriate peroxidase-labeled secondary antibody diluted in 2% nonfat milk powder and visualized by enhanced chemiluminescence using Super Signal Dura West (Thermo Scientific). Resultant images were captured on a G:Box ChemiXL1.4 (Syngene, Cambridge, U.K.) and bands quantified using GeneTools (version 4.03; Syngene, Cambridge, U.K.). Target protein expression was normalized to b-actin expression.
NF+B Activation Assay
Nuclei were extracted from homogenates of placental villous tissue using a nuclear isolation kit (Active Motif, Carlsbad, CA) according to the manufacturer's instructions. Total nuclear protein concentrations were not different between the BMI groups. NFjB p65 DNA-binding activity was measured in 20 lg of nuclear extract protein with a transcription factor assay kit (Active Motif). Each sample was measured in duplicate.
Primary Human Trophoblast Culture and Treatments
Placentas from healthy pregnant women at term were collected for isolation of primary human trophoblast (PHT) cells. PHT cells were isolated by trypsin digestion and Percoll purification, as previously described [22, 23] . Cells were cultured in Dulbecco modified Eagle medium (Sigma-Aldrich) and Ham F-12 AYE ET AL.
nutrient mixture (Life Technologies) containing 10% fetal calf serum (Atlanta Biological), 50 lg/ml gentamicin, 60 lg/ml benzyl penicillin, and 100 lg/ml streptomycin (Sigma-Aldrich). Cells were plated in 35-mm dishes at a density of 2 3 10 6 for subsequent protein analyses, and incubated in a 5% CO 2 humidified atmosphere at 378C. After 18 h, attached PHT cells were washed twice in warm Dulbecco PBS, and subsequently culture media were changed daily. PHT cell purity was confirmed by high protein expression of Cytokeratin-7 (epithelial cell marker) and absence of Vimentin (fibroblast cell marker) expression as previously described [22] .
After 66 h in culture, PHT cells were treated with MCP-1 (100 pg/ml) and TNFa (10 pg/ml), and insulin (5.8 ng/ml) at 87 h of culture, and protein lysates collected at 90 h for protein analysis. The concentrations of cytokines used for in vitro experiments were based on high physiological concentrations observed in maternal plasma. The concentration of insulin used corresponds to postprandial insulin levels in pregnant women at term [24] . The timing of insulin and cytokine stimulations were based on time points previously determined to produce the most robust effects [22] . Cell culture experiments were repeated on trophoblast cells isolated from four different placentas.
Data Presentation and Statistical Analysis
Demographic and clinical characteristics of the study population were categorized according to maternal BMI as normal (BMI , 25), overweight (BMI 25-30), or obese (BMI . 30), and one-way ANOVA, followed by Tukey post hoc multiple comparison test, performed. Summary data are presented as mean 6 SEM or interquartile range. D'Agostino and Pearson normality test was initially performed and relationships between maternal BMI or birth weight and maternal/fetal cytokines or placental inflammatory signaling were determined using Pearson or Spearman correlation coefficients, as appropriate. Influence of insulin and cytokines on inflammatory activation in PHTs was investigated by one-way ANOVA followed by Dunnet post hoc test. P values below 0.05 were considered statistically significant.
RESULTS
Clinical Characteristics
Maternal demographics and placental and fetal weights are presented in Table 1 . Data presented in this table represent the combined information of all recruited subjects. Separate analysis of the maternal/fetal plasma and placental samples (Supplemental Table S1 ) demonstrates similar demographics between the two sample sets. Obese women gained less weight than overweight and normal BMI women, and obese women delivered heavier babies than normal BMI women (Table 1) . Maternal age, gestational age at delivery, gravidity and parity, and placental weight were not statistically different between groups.
Maternal BMI and Circulating Proinflammatory Cytokine Concentrations
Circulating levels of proinflammatory cytokines as well as insulin and leptin are presented in Table 2 . As expected, maternal plasma levels of insulin and leptin were increased with maternal BMI. The proinflammatory cytokines MCP-1 and TNFa in the maternal plasma were also positively correlated with maternal BMI. The other cytokines measured in the maternal circulation (IL-1b, IL-6, and IL-8) did not vary with maternal BMI. Importantly, fetal plasma concentrations of cytokines were not related to maternal BMI, but fetal leptin levels were positively correlated with maternal BMI. None of the maternal or fetal plasma cytokines correlated significantly with birth weight (data not shown).
Maternal BMI and Placental Inflammatory Pathways
The inflammatory pathways caspase-1, STAT3, NFjB, and MAPKs (p38 and JNK) were analyzed in placental protein homogenates and regression analyses were performed with maternal BMI. Phosphorylation of p38-MAPK (T182/Y180) was positively correlated with maternal BMI (Fig. 1B) ; however JNK-MAPK (T183/Y185) phosphorylation was not associated with maternal BMI (Fig. 1D) . The total expression of p38-MAPK or JNK-MAPK did not change with maternal BMI (Fig. 1, C and E) . Analysis of phosphorylated and total JNK p46 and p54 proteins separately also did not result in significant correlation with maternal BMI (data not shown).
Phosphorylation of STAT3 (Y705) was significantly increased with maternal BMI (Fig. 2B) , while total STAT3 expression did not change with maternal BMI (Fig. 2C) . NFjB activation, as measured by IjBa degradation (Fig. 2E ) and p65 DNA-binding activity (Fig. 2F) , was not correlated with maternal BMI.
The inflammasome complex components caspase-1 and IL1b were measured by Western blotting (Fig. 3A) . While procaspase-1 (Fig. 3B ) and caspase-1 (Fig. 3C ) expression did not correlate with maternal BMI, IL-1b (Fig. 3D ) expression was elevated with increasing maternal BMI.
Birth Weight and Placental Inflammatory Pathways
Placental p38-MAPK phosphorylation was positively correlated with birth weight (Table 3 ). In contrast, phosphorylated or total expression of the other inflammatory proteins (JNK, STAT3, NFjB, caspase-1, and IL-1b) in the placenta did not vary with birth weight.
Activation of Inflammatory Pathways p38-MAPK and STAT3 by Maternal Cytokines-In Vitro Study in Cultured PHTs
In order to determine the link between elevated maternal plasma hormones and cytokines detected with increasing BMI, and the activation of placental inflammatory pathways p38-MAPK and STAT3, we treated isolated PHTs with insulin, MCP-1, or TNFa at high physiological concentrations 
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observed in this study. Treatment of PHTs with insulin did not affect the phosphorylation or the total expression of p38-MAPK or STAT3 (Fig. 4) . However, p38-MAPK phosphorylation was stimulated by both MCP-1 and TNFa (Fig. 5B) , whereas STAT3 phosphorylation was stimulated by TNFa only (Fig. 5E ). TNFa also increased total STAT3 expression (Fig. 5F ).
DISCUSSION
To our knowledge, this is the first study to examine the impact of maternal BMI on inflammatory signals in the mother, placenta, and fetus in the same cohort. The most important finding is that maternal BMI is associated with activation of placental p38-MAPK and STAT3 signaling, without changes in the classical inflammatory pathways NFjB, JNK, and caspase-1, or fetal systemic inflammatory profile. This finding suggests that inflammation associated with maternal BMI may impact the fetus by altering placental function rather than by fetal exposure to elevated levels of proinflammatory cytokines.
We observed associations between maternal BMI and proinflammatory cytokines TNFa and MCP-1 levels in maternal plasma. Both TNFa and MCP-1 are major proinflammatory cytokines with biological roles in insulin resistance [25, 26] . Accordingly, these findings are consistent with previous studies indicating that obese women are more insulin resistant compared to normal-BMI mothers [3] . Although we did not investigate the origin of these cytokines, previous studies have shown that maternal adipose tissue, which expands greatly in obesity, is a significant source of circulating cytokines [8] . Furthermore, both MCP-1 and TNFa mRNA expression were shown to be increased by 2-5 fold in both the placenta and adipose tissue of obese pregnant women compared to normal-weight women [8, 10] , which is consistent with a role for both maternal adipose tissue and the placenta as contributors to maternal systemic inflammation.
While there was evidence of inflammation in maternal plasma, fetal/cord plasma levels of the inflammatory mediators investigated in this study were not influenced by maternal BMI. However, fetal plasma leptin concentrations were positively correlated with maternal BMI, whereas fetal insulin was independent of maternal BMI. Our data are supported by other clinical studies, which also demonstrate a lack of systemic inflammation in fetal plasma in response to maternal obesity [20] . Although our data do not support a role for systemic inflammation in the fetus, it does not exclude a role for local inflammatory processes in tissues such as the fetal adipose.
Placental STAT3 and p38-MAPK pathways were activated with increasing maternal BMI. This finding is consistent with a recent report indicating increased p38-MAPK signaling in placentas of obese compared to lean mothers [27] . The p38-MAPK signaling activates a number of transcription factors, including c-fos, c-jun, and ATF, which regulate proinflammatory gene expression [28] , whereas STAT3 is a transcription factor that may either directly regulate gene expression or act indirectly by interacting with other transcription factors [29] . Previous studies have established increased cytokine expression in placentas of obese mothers [9, 10] , but whether the activation of placental p38-MAPK or STAT3 in association with high BMI contributes to elevated placental cytokine expression remains to be determined.
Placental p38-MAPK signaling was also associated with birth weight. Fetal growth is highly dependent on placental nutrient supply, and previous studies have established associations between placental nutrient transporters and maternal BMI as well as birth weight [30] . Furthermore, p38-MAPK is involved in the regulation of glucose [31, 32] and amino acid transporters in a variety of cell types [33, 34] . Regulation of placental nutrient transport by p38-MAPK signaling has not been reported, but p38-MAPK has been shown to regulate glucose and amino acid transport in other tissues [32, 34] , and our preliminary studies indicate a role for p38-MAPK in the regulation of insulin-dependent system-A and system-L amino acid transport in cultured primary trophoblasts [35] . Likewise, STAT3 activity in primary trophoblasts also regulates amino acid transport [36, 37] . However, placental STAT3 phosphorylation was not correlated with birth weight in this study.
Contrary to our hypothesis, JNK-MAPK and NFjB signaling was not associated with maternal BMI or birth weight. This is in contrast to previous reports by Saben et al. of increased JNK phosphorylation in placentas of obese mothers compared to lean mothers [27] . A possible explanation for the MATERNAL BMI AND PLACENTAL INFLAMMATION differences in the results may be our selection of placentas only from nonlaboring women, whereas Saben et al. included both laboring and nonlaboring women, and therefore the effects of labor cannot be excluded, especially because recent studies indicate alterations in placental inflammatory signaling pathways with labor [38] .
Caspase-1 is a component of the inflammasome complex that regulates the posttranslational maturation of IL-1b. Upon stimulation by inflammatory signals, pro-caspase-1 (p50) is cleaved into caspase-1 (p20), which, in turn, processes IL-1b into the mature and biologically active form. Whereas the placental expression of pro-caspase-1 or caspase-1 was not significantly associated with maternal BMI, placental IL-1b expression was significantly correlated with BMI. This indicates that the increase in placental IL-1b expression with maternal BMI is likely to be regulated by processes other than caspase-1, perhaps through p38-MAPK or STAT3 activity, which were associated with maternal BMI.
It was interesting to note that the pathways typically associated with inflammation, such as NFjB, JNK-MAPK, and caspase-1, were not altered by maternal BMI. These pathways promote insulin resistance in many tissues [39, 40] , including the placenta [22] . Moreover, placental insulin signaling has previously been associated with fetal growth, with increased activity reported in obese women giving birth to large babies [30] , and reduced signaling in growth-restricted infants [41] . Since the obese women in this study had elevated fasting insulin and delivered larger babies, it is possible that there is greater insulin signaling in the placentas of the obese mothers compared to normal-BMI women. Hence, the lack of placental inflammatory signaling by NFjB, JNK-MAPK, and caspase-1 may have contributed to increased fetal growth.
Although p38-MAPK and STAT3 are implicated in the innate immune response, these pathways are also involved in growth factor signaling [29, 42] . Therefore, the increased placental p38-MAPK and STAT3 may be in response to elevated insulin and leptin as well as inflammatory signals. This is supported by previous reports of increased insulin signaling in the placentas of mothers whose pregnancies were complicated by obesity [30] or gestational diabetes [43] . To investigate a possible link between elevated maternal insulin and cytokines MCP-1 and TNFa, and activation of placental p38-MAPK and STAT3 pathways, we utilized a wellestablished model of cultured PHT cells from term placentas. Treatment with insulin did not affect p38-MAPK or STAT3 phosphorylation; however, p38-MAPK was activated by both MCP-1 and TNFa, whereas STAT3 phosphorylation was stimulated by TNFa only. Furthermore, leptin has established effects on activation of STAT3 in many tissues, including the placenta [44] . Therefore, increased maternal levels of proinflammatory cytokines TNFa, MCP-1, as well as leptin, may contribute to the increased placental p38-MAPK and STAT3 signaling with maternal BMI. Moreover, circulating nonesterified fatty acids [13] and free fatty acids, such as oleic and palmitic acid [45] , which are increased with maternal BMI, activate both p38-MAPK and STAT3 in primary trophoblasts and placental cell lines [13, 27] . Hence, the increased placental activation of p38-MAPK and STAT3 may be a consequence of elevated maternal circulating cytokines, hormones such as leptin, and hyperlipidemia associated with increasing maternal BMI. 
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One of the strengths of our study is the well-defined study population. We specifically excluded additional clinical factors that may influence the maternal inflammatory profile, such as pre-eclampsia, prepregnancy and gestational diabetes, and hypertension, and further limited our recruitment to nonlaboring women who delivered by Caesarean section and delivered a normal-size infant. Moreover, BMI calculations were based on accurate measurement of weight and height at the clinic, and not self-reported values, which have been shown to lead to miscategorization [46] . The population in our study was predominantly Hispanic women, which reflects the demography of the San Antonio population. However, ethnicity did not influence our results, since re-analysis of the data after separation according to ethnicity exhibited similar results. Furthermore, analysis after subdivision of the data based on fetal sex did not change the pattern of the overall result. Despite the modest sample size, several clinical characteristics of the study population were consistent with previous reports in larger populations. For example, high pre/ early pregnancy BMI was associated with higher birth weights [4] and decreased gestational weight gain [47] , as well as maternal hyperinsulinemia and hyperleptinemia [3] .
In summary, we report that the placental inflammatory pathways p38-MAPK and STAT3 are activated with increasing maternal BMI, which may be due to elevated maternal circulating cytokines TNFa and MCP-1, leptin, and hyperlipidemia. TNFa and MCP-1 activated p38-MAPK and/or STAT3 phosphorylation in cultured PHT cells, further illustrating the possibility of maternal cytokines in influencing placental inflammation. Moreover, placental p38-MAPK activity was correlated with birth weight, possibly indicating a link between placental p38-MAPK pathway, nutrient transport, and fetal MATERNAL BMI AND PLACENTAL INFLAMMATION growth. Conversely, the placental inflammatory pathways JNK-MAPK, NFjB, and caspase-1, which are commonly associated with insulin resistance, were not altered by maternal BMI or birth weight. These findings support a role for distinct inflammatory pathways in the regulation of fetal growth through diverse effects on placental function. Although the maternal cytokines were elevated with BMI, there were no changes in fetal cytokine levels. Taken together, our data suggests that maternal BMI is associated with systemic maternal inflammation and activation of distinct placental inflammatory pathways, but these effects are not transmitted as systemic inflammation in the fetus. Future studies are warranted to further elucidate the exact role of p38-MAPK and STAT3 pathways in placental function and fetal development.
